Fe(C104)3 in water-ethanol (15:4, v/v) containing 0*051N-HC104, and 3-1 ml. of tetrachloroethane, and centrifuged. The upper phase is removed and 3 ml. of the lower phase is treated with 0.01 ml. of 1 2N-HC104 and 0 5 ml. ofmethanolic 2M-NH4SCN; after 1-3 hr. the extinction is read at 490 m, in a i in.-diam. tube, and is about 2.2/pequiv. of original ester, which corresponds to about 0-52atoms of iron. The results are considerably altered by changing the proportions of the reagents (particularly ethanol). The use of perchlorates throughout is desirable; less satisfactory results can be obtained with nitrates, using caprylol for extraction, but chlorides and sulphates must be avoided, since FeCl3 and Fe2(O04)3 are too soluble in organic solvents to give reasonable blanks.
The two-phase method seems at present less accurate than Stern & Shapiro's (1953) method, but is much more sensitive; the homogeneous method gives both lower readings (E520 is approx. 0.36/ ,uequiv of ester) and higher blanks (0. 10-0-12 as against 0.01-0.03). The two-phase system is, moreover, specific for the long-chain acyl hydroxamates; those with 8 or fewer C atoms are not detected, while those with 14 or more are completely extracted.
Complex lipid mixtures sometimes give trouble, owing to the presence of iron-carrying substances other than hydroxamates, such as sulphatides and acidic lysoplasmalogens. If not excessive, this problem can be dealt with by, for instance, preliminary saponification to provide a 'blank', by gentle acid hydrolysis (plasmalogens) and/or by testing for iron-transport without prior formation of hydroxamates.
REFERENCES Rapport, M. M. & Alonzo, N. (1955) . J. biol. Chem. 217, 193. Stem, I. & Shapiro, B. (1953) . Brit. J. clin. Path. 6, 158. (2) Studies of the Biosynthesis of Brain Inositol Phosphatide. Argranoff, Bradley & Brady (1958) reported that optimum incorporation of [3H]inositol into inositol phosphatide of guinea-pig kidney mitochondria required the addition of both cytidine diphosphate choline (CMP-PC) and phosphatidic acid. It was proposed that cytidine diphosphate diglyceride (CMP-P-diglyceride) was formed as an intermediate in this incorporation. Paulus & Kennedy (1958 showed that the incorporation of L-oc-glycerophosphate into liver inositol phosphatide specifically required cytidine triphosphate (CTP) and that CMP-P-diglyceride was probably an intermediate.
It has been found that CTP is the most effective nucleotide in stimulating the incorporation of [3H]inositol into the phosphatides of water homogenates of rat brain. The addition of phosphatidic acid in combination with CTP, but not with CMP-PC, further stimulated this incorporation. Synthetic D-a,-diglycerides were ineffective compared to the corresponding phosphatidic acids in this system.
After incubation of [14C]phosphatidic acid (prepared by the enzymic degradation of [14C]lecithin e 42P PROCEEDINGS OF THE BIOCHEMICAL SOCIETY isolated from liver slices incubated with [1-14C]_ glycerol) with brain homogenates, radioactivity was located in the hydrolysis product IP derived from inositol phosphatide obtained by the method of Dawson (1954) . CTP greatly stimulated the labelling of IP while CMP-PC was relatively ineffective.
Brain homogenates supplemented with adenosine triphosphate and coenzyme A, catalysed the incorporation ofradioactivity from L-a-glycerophosphate labelled with 82p or 14C into IP and the hydrolysis product GP, derived from phosphatidic acid. The labelling of IP was greatly increased by CMP-PC while CTP caused only a slight increase. In the presence of either cytidine nucleotide the labelling of phosphatidic acid was decreased. Under these conditions the specific activity of IP greatly exceeded that of the GP derived from phosphatidic acid.
The inositol phosphatide labelled from [8H]inositol or L-OC-[32P]glycerophosphate was chromatographically similar to liver phosphatidyl inositol and on hydrolysis in 6r-HCI yielded a product which was electrophoretically identical to inositol monophosphate.
These findings indicate that phosphatidic acid can act as a precursor of brain inositol phosphatide in a mechanism that requires CTP as a cofactor. This pathway may involve CMP-P-diglyceride as an intermediate. On the other hand, L-x-glycerophosphate is incorporated into the inositol phosphatide of brain in a series of reactions that presumably involve fatty acyl coenzyme A and CMP-PC. Phosphatidic acid may not be an intermediate in The isolation from brain tissue of a new inositolcontaining phospholipid designated triphosphoinositide B has recently been reported (Dittmer & Dawson, 1960) . This is normally tightly attached to brain proteins in the form of a complex which is not extractable by neutral lipid solvents (Lebaron & Folch, 1956) . The new phospholipid, prepared as a water-and chloroform-soluble sodium salt, is virtually nitrogen-free, and over 95 % migrates as a single component on chromatography on formaldehyde-treated paper (Horhammer, Wagner & Richter, 1959) . The products of mild chemical hydrolysis of triphosphoinositide B have been separated using the chromatographic and ionophoretic system recently-devised for the examination of phospholipid hydrolysates (Dawson, 1960) . Spots were located either by spraying with indicator (bromocresol green in ethanol) or by using a modified form of the Rorem (1959) reagent. They were then eluted chromatographically with 0-1 N-HCI and analysed for phosphorus, glycerol and inositol.
After a brief acid hydrolysis (7 min., 100° ) the phosphorus of triphosphoinositide B was liberated in the form of inositol triphosphate (77-81 %), inositol diphosphate (15-16.5 %) and glycerophosphate (4-5.5 %), along with trace amounts of inorganic phosphate and inositol monophosphate. Prolonging the hydrolysis for 1-3 hr. resulted in an increase in the inositol diphosphate and monophosphate and inorganic phosphate at the expense of inositol triphosphate; the glycerophosphate level did not change appreciably. Isolated inositol triphosphate slowly broke down on acid hydrolysis to give inositol diphosphate and inorganic phosphate. The portion of triphosphoinositide remaining soluble in lipid solvents after a brief acid hydrolysate was fractionated on a silicic acid column and diglyceride isolated in substantial yield.
Milk alkaline hydrolysis of triphosphoinositide B gave three main products, which were separated by paper ionophoresis and analysed. The major product was a glycerylinositol triphosphate which released glycerophosphate and inositol di-and triphosphate on subsequent acid hydrolysis. During the alkaline hydrolysis lesser amounts of substances analysing as inositol triphosphate and inositol diphosphate were also formed.
The evidence suggests therefore that in the triphosphoinositide B structure, (1) three phosphate moieties are esterified to each inositol ring and (2) the glycerols are each esterified with two fatty acids and the vacant hydroxyl group esterified with a phosphate moiety attached to inositol.
(Department of Pharmoacology, Univer8ity of Oxford) It has recently been shown that the gill plates of Mytilu8 eduli8 contain a cyanide-sensitive enzyme that oxidizes 5-hydroxyindoles (5-hydroxytryptophan, 5-hydroxytryptamnine and bufotenine) with the formation of brown pigments (Blaschko & Milton, 1960) . Preparations of gill plates act also on 4-hydroxyindoles (e.g. psilocine) and 6-hydroxyindoles (Blaschko & Levine, 1960) .
Since it is known that caeruloplasmin also oxidizes 5-hydroxytryptamine (Porter, Titus, Sanders & Smith, 1957) , a comparison has now been made between caeruloplasmin of pig plasma and the Mytilu8 enzyme. It was found that the mammalian enzyme acted not only on bufotenine, but also on its 4-hydroxy and 6-hydroxy analogues. The former is psilocine (Hofmann & Troxler, 1959) ; it is oxidized with the formation of a deep-blue compound; this is analogous to what occurs when psilocine is oxidized by the molluscan enzyme. Caeruloplasmin does not act on 5-hydroxytryptophan (Martin, Eriksen & Benditt, 1958 ) and 5-hydroxyindole, whereas the gill plate oxidase acts on these two compounds almost as rapidly as on 5-hydroxytryptamine. These observations show that the substrate specificity of these two enzymes is not restricted to indoles carrying a hydroxyl group at C-5. 44r PROCEEDINGS OF THE BIOCHEMICAL SOCIETY (6) The Estimation of Monoamine Oxidase. By A. L. GnREEN and THELMA M. HAUGHTON. (Chemical Defence Experimental Establi8hment, Porton Down, Salisbu?ry, Wilts) The reaction catalysed by monoamine oxidase is generally represented (e.g. Zeller, 1951) by R * CH2 * CH2 -NH2 + H2O + 02-+ R *CH2*CHO + NH3 + H202.
The enzymic activity is most often determined from the oxygen uptake, but this is relatively insensitive, while with crude enzyme preparations the oxygen consumption per mole of substrate decomposed can be very variable (Cotzias & Greenough, 1959) . The peroxide is too rapidly destroyed by catalase present in normal monoamine oxidase preparations to be of value for estimation, while measurement of the ammonia liberated, although sensitive, is laborious. Measurement of substrate disappearance is unsatisfactory for kinetic studies where it is desirable to maintain approxiimately constant substrate concentration.
Measurement of the aldehyde formation is hindered by the ease with which further oxidation can occur, but provided semicarbazide is present in the assay mixture, this further oxidation can be suppressed, and the aldehyde semicarbazone can subsequently be converted into the 2:4-dinitrophenylhydrazone (Richter, 1937) . The colour of the dinitrophenylhydrazone in alkali provides a sensitive means of assay. The assay mixture contains enzyme, buffer, semicarbazide and tyramine, which are shaken in air. The reaction is terminated with acid and the mixture is deproteinized by boiling and centrifuging. 2: 4-Dinitrophenylhydrazine is added and the dinitrophenylhydrazone formed is extracted first into benzene and then into alkali. The extinction of the alkaline solution at 450 m,u provides a direct measure of the enzymic activity. Under our conditions an extinction of 0.1 corresponds to an oxygen uptake of about 2 ,l.
A further assay method investigated was the replacement of oxygen as a hydrogen acceptor by tetrazolium salts (Lagnado & Sourkes, 1956 ). On reduction, these compounds give formazans whose intense colour, when extracted into butanol, provides a measure of the enzymic activity. The non-linear dependence of extinction on enzyme concentration, found when the reaction was performed in air, could be overcome by use ofanaerobic conditions. However, when no oxygen was present reduction was almost as rapid in the absence as in the presence of substrate. This non-specific reduction could not be suppressed by monoamine oxidase inhibitors, nor by ethylenediaminetetra-acetic acid, iodoacetate, phenylmercuric acetate, malonate, azide, cyanide or fluoride ions. 
Hert8)
The amine oxidase of pea seedlings, like the diamine oxidase of anximal tissues, is inhibited by carbonyl reagents; this led to the suggestion that the prosthetic group contains pyridoxal phosphate. Evidence that the prosthetic group contains both pyridoxal phosphate and flavinadenine dinucleotide was reported by Goryachenkova (1956) . The enzyme is inhibited by sodiuim diethyldithiocarbamate, salicylaldoxime and potassium ethyl xanthate (Mann, 1955) and also by 8-hydroxyquinoline and dithizone (Werle & Hartung, 1956 ) and by 2: 2'-dipyridyl and 1: 10-phenanthroline (Suzuki, 1959) ; this suggests it is a metalloprotein.
Preparations of the amine oxidase obtained by the method of Mann (1955) have now been further purified two-to three-fold by column chromatography on calcium phosphate (hydroxyapatite) and amilnoethylor diethylaminoethyl-cellulose. The purified preparations were pink. The absorption spectrum over the range 300-700 mu showed only one band with maximum absorption at about 500 m,u. The pink colour was discharged by dithionite and restored by oxygenation. These changes were accompanied by disappearance and reappearance ofthe band with maximum at 500 mp.
When 1: 4-diaminobutane was added to the enzyme solution, under anaerobic conditions, the colour of the reaction mixture changed from pink to yellow. The band with maximum at 500 m, disappeared and new bands appeared with maxima at 350, 435 and 465 m,u. On oxygenation the pink colour was restored quickly and the absorption spectrum reverted to that of the untreated enzyme. When hydrazine was added to the enzyme the pink colour changed to yellow, the band with maximum at 500 m,u disappeared and new bands appeared with maxima at 335 and at about 420 m,u.
Preliminary results of an investigation of the heavy-metal content showed that the copper content of the preparations increased during the PROCEEDINGS OF THE BIOCHEMICAL SOCIETY 45P chromatographic procedure, reaching 0-08 % in the purest preparations. The copper was not removed by dialysis of the preparations against sodium diethyldithiocarbamate at pH 7.
It is suggested that the pink colour of the pre- The active centre of enzymes may be differentiated into a primary part which is always involved in the formation of the enzyme-substrate complex, and around it, a secondary area which establishes bonds only with certain substrates. Previous studies on monoamine oxidases and diamine oxidases led to some conclusions concerning size, composition, optical configuration, etc., of their active centres as defined above. Monoamine oxidase was further explored by using several homologous series of substrates and inhibitors. Among the phenylalkylamines, phenylethylamine turned out to be the optimum substrate. cisand trans-2-Phenylcyclopropylamine appeared to be the best inhibitors of monoamine oxidase (Sarkar, Banerjee, Ise & Zeller, 1960) while 1-phenylcyclopropylamine showed much less efficiency. Benzylhydrazine and its analogues were superior to the other homologous inhibitors. In all three cases the optimum structures displayed the same backbone, consisting of a benzene ring, a two-membered side-chain, and an amino group. When the isosterism between the > CH2 and > NH residues is considered the similarity becomes even greater and the hydrazines may be termed pseudoamines. In removing the benzene ring a sharp drop of all substrate and inhibitor activities was caused. It is concluded that the three classes of compounds, amines as well as pseudoamines, act in a similar fashion on the active centre of monoamine oxidase which may contain an analogous aromatic system plus a two-membered side-chain (Zeller, 1959) . Hydrophobic forces come into play between the related structures of the substrate or inhibitor molecules and the enzyme and help to adjust the smaller molecules to the active centre.
With regard to oc-hydrogens, one seems to be required in hydrazines (Zeller, Barsky, Fouts & Lazanas, 1955) and in arylalkylamines to produce an effective bond between monoamine oxidase and the substrate or inhibitor molecule, while a second a-hydrogen, if one is available, participates in the process of dehydrogenation. To one part of the active centre is tentatively assigned the structure -X-Y-, in which X serves as an acceptor for the oc-carbon, and Y for a proton derived from an ox-hydrogen. REFERENCES Sarkar, S., Banerjee, R., Ise, M. S. & Zeller, E. A. (1960 ). Helv. chim. acta, 43, 439. Zeller, E. A. (1959 The effect in vitro of the compounds, either wellknown simple inhibitors of monoamine oxidase (e.g. transand cis-phenylcyclopropylamine, iproniazide, benzylhydrazine, etc.) or derivatives of y-aminobutyric acid or of glutamic acid, on monoamine oxidase, diamine oxidase and brain glutamic decarboxylase was studied. It was found, in agreement with other authors, that monosubstituted hydrazines as well as NN'-disubstituted hydrazines were inhibitors of monoamine oxidase (substrate tyramine, pI50 values for the compounds used between 5 and 7). The hydrazides ofy-aminobutyric acid and y-guanidinobutyric acid did not inhibit the enzyme, nor did hydrazones inhibit. (The highest concentration of inhibitor in the final solution was 0-1 mm.) Diamine oxidase (substrate putrescine) was inhibited by the hydrazines, hydrazides and some hydrazones, while the amines did not inhibit the enzyme. None ofthe compounds had any inhibitory action on brain glutamic decarboxylase. Both diamine oxidase and glutamic decarboxylase are pyridoxal phosphate-depending enzymes. It seems that a reaction between the hydrazines or hydrazides and pyridoxal phosphate cannot alone be the reason for inhibition of a pyridoxal phosphaterequiring enzyme. A soluble cytochrome oxidase preparation has been obtained by partial digestion of the Keilin-Hartree heart-muscle preparation (Keilin & Hartree, 1939) with venom of Agi8trodon piacivoru&. After removal of insoluble material by centrifuging, the supernatant is fractionated on a calcium phosphate gel column, the haem proteins other than cytochrome oxidase remaining bound to the gel. Although the material is suitable for spectroscopic examination, it shows a marked Tyndall phenomenon, and remains in solution only at alkaline pH. The spectra of the various forms are similar to those of cholate-containing cytochrome oxidase preparations (Wainio, Eichel, Person & Cooperstein, 1950; Smith & Stotz, 1954) . In spectrophotometric assays by the method of Wainio et al. (1950) , Q02 values up to 1500 have been obtained.
Kinetic measurements have been made by combining the method of flash photolysis (see Porter & Norrish, 1954) with the regenerative stoppedflow principle of Chance (1954) . In these determinations the carbon monoxide compound of the oxidase, with mM-2: 3-dimercaptopropanol, was mixed in the flash apparatus of Gibson (1959) with 0 05 part of its volume of oxygen-containing buffer. On firing the flash the CO dissociates, liberating reduced cytochrome oxidase which then reacts with oxygen, the reaction being followed spectrophotometrically. The oxidized enzyme is slowly reduced by the 2: 3-dimercaptopropanol, and the whole cycle may be repeated several times using the same enzyme solution. This method has the advantage of being applicable to the somewhat gelatinous cholate preparations, as well as to the venomdigested material described here. The photochemical difference spectrum of the CO compound of the venom preparation has been obtained and agrees with that reported by Chance (1953 a) for the crude Keilin-Hartree preparation. The rate of combination with CO, both for venom and cholate preparations measured both by flash photolysis and by the stopped-flow method (Gibson, 1954) is 1-4 x 104M-1 sec.-' at 200, a value similar to Chance's (1953b) for the crude Keilin-Hartree preparation.
The reaction with oxygen is complex, an initial rapid approximately second-order reaction being followed by changes extending over several seconds.
The rate of the initial reaction (3 x 107M-1 sec.-') has been very uniform in all the preparations both of cholate and venom types which have been examined. Titration with oxygen in the stoppedflow apparatus gives a change in extinction at 445 m,u of 80/m-mole of oxygen for the total change reduced -* oxidized. The rate of the initial reaction appears to be independent of temperature. The importance of triphosphopyridine nucleotide in the reduced form (TPNH) in reductive biosynthesis is now generally recognized. The production of TPNH in the oestrogen-stimulated rat uterus has therefore been studied.
In the present investigation no significant increase in concentration of TPNH in the ovariectomized rat uterus could be demonstrated after administration of oestradiol-17B in vivo. Such an observation does not, however, preclude anincreased rate ofturnover of TPNH as might be indicated by increased activity of TPNH-generating systems. No evidence has been obtained that increased amounts of TPNH arise from stimulation of a pyridine nucleotide transhydrogenase by oestrogen, although this effect has been demonstrated in human endometrium and other tissues (Hagerman & Villee, 1952; Talalay & Williams-Ashman, 1958) .
It has been found, however, that the glucose 6-phosphate and 6-phosphogluconic acid dehydrogenase activities of the uterus in vitro are markedly enhanced by administration of oestradiol-17,B to castrated rats. This effect is diminished by the simultaneous administration of the cytotoxic drug DON (6-diazo-5-oxo-nor-L-leucine) which is known to inhibit uterine growth in response to oestrogen (Poulson, Robson & Wander, 1960) . The activity of PROCEEDINGS OF THE BIOCHEMICAL SOCIETY 47P iwocitric debydrogenase is uninfluenced by oestrogen administration. It is therefore possible that an important effect of oestrogen in the uterus is to control glucose oxidation by the pentose phosphate shunt and thus to influence the availability of TPNH and to provide ribose 1-phosphate for nucleoside biosynthesis at the same time. Greig (1944a) had reported that destruction of cozymase and of flavin alloxazine dinucleotide occurred in organs excised from dogs while in haemorrhagic shock, and the same author (Greig, 1944b) assumed destruction of the apo-enzymes of lactic dehydrogenase and of amino acid oxidase in shock, as a conclusion from results obtained with tissue extracts after anoxic incubation in vitro. It seemed of interest to see whether shock would lead to a change in the activities of some intracellular respiratory enzymes, and, concomitantly, to alterations of metabolic patterns, such as glycolysis. In view of reports that tranquilizers and ganglionic blocking agents afford protection against shock (e.g. Beck & Alexander, 1959) , the tests were also done with tranquilized animals.
Young adult Wistar rats were drummed in the Noble-Collip apparatus, 500 turns within 12 5 min.; the internal diameter of the drums was 37-4 cm. They were decapitated 2 hr. after exposure, with manifestations of shock clearly evident. Their brains were homogenized in Krebs-Ringer phosphate, pH 7*4, and were assayed for reductases, comparing them with controls. A general inhibition, statistically significant for six enzymes, was seen with lactic dehydrogenase, diphosphopyridine nucleotide (DPN) and triphosphopyridine nucleotide (TPN) cytochrome c reductases, oc-glycerophosphate dehydrogenase, DPN and TPN iwocitric dehydrogenases, DPN and TPN malic dehydrogenases, and suecinic dehydrogenase. The Pasteur reaction was repressed in shock. Homogenates obtained from shocked rats showed statistically highly significantly increased protein nitrogen content (Kjeldahl) when compared with controls. These differences were eliminated in rats which had been tranquilized with chlorethoxybutanoxane prior to drumming. The results found with nontranquilized rats suggest tissue hypoxia, and are compatible with data from earlier experiments (Packer, Michaelis & Martin, 1958 Hill, Northcote & Davenport (1953) showed the presence of a methaemoglobin-reducing factor in ChloreUa pyrenoido8a, similar to that found in higher plants by Davenport, Hill & Whatley (1952) . Davenport (1959) showed that this methaemoglobinreducing factor was the same as the photosynthetic pyridine nucleotide reductase separated by San Pietro & Lang (1958) . We have now been able to prepare the reductase from Chorella in sufficient amount to determine its spectroscopic properties, brealing the cells in an International Equipment Co. no. 6061 shaker head mounted in an International Refrigerated centrifuge, and using the purification procedure described by Davenport & Hill (1960) .
A solution of reductase prepared from Chlorella (0.7 mg. of protein/ml.) gave the following values for log Ioll: at 600 m, 0*137, at 470 m,u 0-250 (shoulder), at 415 mi* 0-268 (peak) and at 396 m,L 0-280 (trough). These values may be compared with those for Datura sp. (1.0 mg. of protein/ml.) which gave: at 600 m1u 0-088, at 470 mix 0*297 (shoulder), at 415 m,z 0-340 (peak) and at 396 mF 0*322 (trough). Thus the spectrum of photosynthetic triphosphopyridine nucleotide reductase from ChloreUa closely resembles that from the higher plants.
Reductase preparations from Chlorella and Petroselenium sativum each reduced methaemoglobin and triphosphopyridine nucleotide; when the rates of reduction were related to the values of the 48P PROCEEDINGS OF THE BIOCHEMICAL SOCIETY extinction coefficient of the protein solution at 415 mu they were approximately the same. Huennekens, Mahler & Nordmann (1951) and Mahler, Tomisek & Huennekens (1953) reported the oxidation of D-lactate by liver and kidney particles. A soluble enzyme catalysing this oxidation has since been obtained from mitochondria, and a preliminary report published (Tubbs & Greville, 1959) . The properties of this enzyme have now been examined in more detail.
The enzyme used in this work has been obtained from acetone-dried rabbit-kidney mitochondria by extraction with slightly alkaline buffer, and has been further purified some 20-fold. It catalyses the oxidation of various D-oc-hydroxy acids: D-lactate and higher straight-chain homologues, D-glycerate, Dmalate, Dand Meso-tartrates are all substrates, but glycollate and 3-phospho-D-glycerate are inert. The products from lactate and glycerate have been identified as pyruvate and hydroxypyruvate, respectively. Various substances can function as acceptors: 2: 4-dichlorophenolindophenol and cytochrome c have been most commonly used. Phenazine methosulphate (3 pg./ml.) considerably increases the rate ofreduction ofboth these acceptors. No added cofactors are needed for full activity, even after extensive dialysis.
Low (less than 0-5 mM) concentrations of cyanide greatly stimulate the activity of freshly prepared enzyme, while higher concentrations inhibit in an essentially competitive manner; with less fresh preparations only the inhibitory effect remains. These opposing effects of cyanide are both more marked at pH 8-5 (the routine assay pH) than at pH 7-5, suggesting that cyanide ion may be the active species.
Chelating agents, for example ethylenediaminetetra-acetate and 1: 10-phenanthroline, are strong inhibitors. The inhibition is progressive, obeys first-order kinetics, and is prevented, but not reversed, by substrate (and, surprisingly, by L-lactate). Cyanide (0-2 mm) greatly potentiates the action of these inhibitors; this effect was discussed.
While a bound metal is clearly implicated in the action of the enzyme, attempts to confirm the probable presence of filavin have been unsuccessful. Activity lost on ultraviolet irradiation is not restored by flavin nucleotides, and the spectrum of the purest preparation yet obtained shows no evidence of flavin reduction by substrate.
Similar D-lactate dehydrogenase preparations have recently been described from yeast (Labeyrie, Slonimski & Naslin, 1959) and various bacteria. Possible metabolic roles (see, for example, Dickens & Williamson, 1959; Elliott, 1959) were discussed. The major part of the respiration of the African trypanosome, Trypano8oma rhodesiense, can be attributed to an L-a-glycerophosphate (L-o-GP) oxidase whose reaction with oxygen does not involve pyridine nucleotides and is insensitive to cyanide, azide, antimycin A and 2-heptyl-4-hydroxyquinoline N-oxide (Grant & Sargent, 1959 .
The oxidase activity of fresh cell-free preparations, about 1 ,umole of L-cx-GP utilized/min./mg. of N, tended to lose activity on standing, even at 00, and was completely inactive after freeze-drying or on treatment with acetone at -15°. The residual material, however, retained its ability to oxidize L-cL-GP to dihydroxyacetone phosphate in the presence of a suitable hydrogen acceptor such as phenazine methosulphate or 2: 6-dichlorophenolindophenol. Methylene blue or brilliant cresyl blue were almost inactive in this respect. The enzyme present in both acetone powders and freeze-dried preparations was stable for at least 6 months when stored at 00.
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A thiol group or groups appears to be essential for the active enzyme, since p-chloromercuribenzoate (VM) and aromatic arsenicals such as melarsen oxide (10 /M) decreased the activity by about 50 % and this inhibition could be relieved by glutathione.
The activity of the enzyme was unaffected by 8hydroxyquinoline (mM) when 2:6-dichlorophenolindophenol was the acceptor. In contrast, when the auto-oxidizable compound phenazine methosulphate was used the uptake of oxygen was considerably enhanced in the presence of this chelating agent, a result similar to that observed in the assay of succinic dehydrogenase with the same acceptor (Kearney & Singer, 1956) . A possible explanation of this effect is that 8-hydroxyquinoline minimizes the metal-catalysed oxidation of an essential thiol group on the enzyme by hydrogen peroxide formed during the auto-oxidation of the reduced acceptor.
Glycerol, ,B-glycerophosphate and propane-1: 2diol phosphate neither served as substrates for the enzyme nor did they affect the oxidation of L-a-GP. The activity of the enzyme under optimum conditions ofpH, substrate and phenazine methosulphate concentrations was about 2-2 ,umoles of L-cx-GP utilized/min./mg. of N, which would suggest that this primary dehydrogenase component is not the rate-limiting reaction in the intact L-o-GP oxidase system.
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(16) Effects of Phenylmercuric Acetate on the Enzymic Activity of L-Myosin.
By G. D. GREVILLE and D. F. TAPrEY. (Department of Biochemi8try, Univer8ity of Cambridge) When L-myosin from rabbit muscle is incubated at 250 with 0 5M-KCI, buffer pH 7-5, adenosine triphosphate (ATP), Ca2+ and phenylmercuric acetate (PMA), the adenosine triphosphatase activity increases at first with increasing PMA concentration, passes through a maximum and is finally strongly inhibited. If, however, the myosin is preincubated at 250 with PMA in absence ofATP, both in presence and absence ofCa2+, the maximal stimulation is about twice as great. If ATP is present during the pre-incubation with PMA, without Ca2+, the stimulation is greater at suboptimum PMA concentrations than that without ATP, but the maximum is the same. If, however, ATP and Ca2+ are both present during the pre-incubation, the accelerations at various concentrations of PMA have the lower values observed without preincubation.
So ATP and Ca2+ when present together reduce the stimulation produced by PMA, but neither alone has this effect. With 5 mm-CaCl2, 0.2 mm-ATP is just enough to cause full reduction in stimulation. With ATP absent PMA produces complete activation very rapidly (less than 3 sec. at 25°). Preincubation with adenosine diphosphate or monophosphate in presence of Ca2+ does not reduce the stimulation by PMA.
The inosine triphosphatase activity is inhibited by PMA at all concentrations (Greville & Needham, 1955) . Pre-incubation with PMA in absence of substrate does not increase this inhibition.
Probably at least two thiol groups are involved at the active centre (Kielley & Bradley, 1956) , one promoting the hydrolysis of ATP and another inhibiting by interaction with the 6-amino group of the adenine (Greville & Reich, 1956; Blum, 1959) . The stimulation by PMA will depend on the distribution of this substance between these thiol groups. PMA reacts preferentially with the inhibitory thiol group, and the presence of ATP together with Ca2+ seems to render this group less highly favoured. Recently we described the occurrence of a peptidase in the lens of several species which catalysed the hydrolysis of L-phenylalanine ethyl ester (Zeller & Devi, 1957; Zeller & Shoch, 1959) . Inmost instances it was measured manometrically in a system containing bicarbonate buffer pH 6-5.
In comparing the ethyl esters of a large number of L-amino acids, the tryptophan derivative was found to be the best substrate of lens peptidase.
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Various esters of the same amino acids were hydrolysed with decreasing rates in the following order: methyl, ethyl, propyl, and benzyl. Neither Nmethyl-L-phenylalanine ethyl ester nor D-tryptophan methyl ester were attacked. The amides of Lleucine and L-phenylalanine turned out to be excellent substrates, while oc-methyl-DL-phenylalanine amide did not undergo deamination.
After dialysing lens homogenates against solutions of ethylenediaminetetra-acetate the activity of lens peptidase dropped sharply. The enzyme was strongly activated by Mg2+, Co2+, Mn2+, Fe2+, Ni2+, Mg2+, and Cd2+, and inhibited by Zn2+, Cu2+, Hg2+, and Cr2+. No trivalent cation exerted any activating or inhibitory effect on lens peptidase.
While the data given above were obtained with experiments carried out with ox-lens homogenates, similar but quantitatively different results were found with rabbit-lens preparations. The two agents seem to belong to a group of homologous enzymes which appeared to be different from other known peptidases.
The activity of lens peptidase was significantly reduced in human senile cataract and in cataracts produced in rabbits by X-rays or by intralenticular injections of iodoacetate.
Re8earch, Mill Hill, London, N. W. 7)
Interferon is the name that was given to a product of the interaction of inactivated influenza virus and host cells (Isaacs & Lindenmann, 1957) . It inhibits the growth of a variety of viruses and appears to be the mediator of the phenomenon of virus interference. Since preliminary experiments suggested that interferon is a protein (Lindenmann, Burke & Isaacs, 1957), its purification was followed by concurrent determination of protein and of biological activity, i.e. estimation of its ability to interfere with influenza virus. A 20-fold purification has been achieved, to give a product which acts as a single substance by a number of criteria.
Interferon was produced by the interaction of ultraviolet-inactivated influenza virus with chick chorio-allantoic membranes (Burke & Isaacs, 1958 ). An initial 100-fold concentration was effected by addition of ammonium sulphate to 73 % saturation.
The precipitate was dissolved in Earle's buffered saline and dialysed under pressure.
This material was then chromatographed on sulphomethylcellulose at pH 2 with an increasing concentration of chloride.
The biologically active fractions were then chromatographed on diethylaminocellulose at pH 6-6 with an increasing concentration of phosphate. The active material was then examined by starch-gel electrophoresis (Smithies, 1955) at pH 8-9 and was found to contain four components, only one of which had interfering activity. The active material eluted at pH 6-6 was applied to a diethylaminoethylcellulose column at pH 4-5. The activity was not retained and the effluent was concentrated and chromatographed on diethylaminoethylcellulose at pH 5-8 with an increasing concentration of phosphate. A single symmetrical peak was obtained which gave a single band on starch-gel electrophoresis at both pH 8-9 and 2, and which gave a Microqualitative tests were made by incubating small portions of gut tissue in suitable buffersubstrate solutions saturated with toluene (Evans, 1956) . The results were confirmed in general by quantitative tests using dialysed freeze-dried preparations of various regions of the gut. For these tests reducing sugar was estimated colorimetrically by a modification of the Nelson (1944) and Somogyi (1945) methods. It was found unnecessary to precipitate the small quantity of protein present in the reaction mixtures and so the procedure was much more rapid. * Present address: Department of Biological Chemistry, University of Aberdeen.
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Different regions of the alimentary tract showed the ability to hydrolyse a wide range of oligosaccharides. All the substrates containing L-glycosidic bonds were broken down by most of the tissues, namely, sucrose, maltose, cxcx-trehalose, melibiose, methyl cx-glucoside, melezitose and raffinose. Similarly, all the substrates with fi-glycosidic bonds were hydrolysed, namely, cellobiose, salicin, lactose and o-nitrophenyl fi-D-galactoside. The enzymic degradation of these carbohydrates can be accounted for by assurning the presence of at least one of each kind of four types of enzyme: oc-glucosidase, mc-galactosidase, fl-glucosidase and ,Bgalactosidase.
Freeze-dried preparations of dialysed centrifuged gut contents possessed similar properties to the tissues as far as the range of substrates hydrolysed was concerned. However, the pH optima for the hydrolysis of several substrates showed a distinct shift to the acid side; e.g. sucrose and maltose from pH 5 8 ± 005 for tissue to pH 5-5 +005 for gut contents.
Preliminary results indicate that both gut tissue and contents contain transglycosylase activity. In maltose-reaction mixtures the appearance of isomaltose has been established by chromatographic analysis.
One of us (D.W.P.) is indebted to the D.S.I.R. for a research scholarship. REFERENCES Evans, W. A. L. (1956) . Exp. Para8itol. 5, 191. Nelson, N. (1944) 
The function of the pentose phosphate pathway in the hexose metabolism of tissues has recently attracted attention (see Holzer, 1959) and here, its operation under the action of various reducible substances has been determined from the pattern of production of 14CO2 from maize roots fed with specifically labelled sugars. As the pentose phosphate pathway is considered to be normally inoperative in this tissue (Beevers & Gibbs, 1954) , its induction can be readily recognized.
Methylene blue and N-methylphenazonium sulphate, both auto-oxidizable dyes which stimulated oxygen uptake and carbon dioxide production, increased the relative rate of release of C-I from glucose and, more slowly, that of C-2. Triphenyl-tetrazolium chloride stimulated carbon dioxide production only, forming the characteristic red precipitate in the tissue; rediochemical evidence followed the same pattern. It suggests that the pentose phosphate pathway especially is sensitive to the oxidizing action of the dyes, presumably in their action on reduced triphosphopyridine nucleotide (TPNH); this re-oxidation must normally control the operation of the pathway. Further, when re-oxidation of TPNH is very rapid, the pathway operates as a cycle with further utilization of the hexose phosphate which it produces.
Under nitrogen, methylene blue and triphenyltetrazolium chloride were reduced, and stimulated the fermentation of glucose to carbon dioxide, though without altering the release of C-3 and C-4.
The release of C-1 was increased sufficiently to account for the extra carbon dioxide. The pentose phosphatepathwaywill thus proceedundernitrogen if a suitable oxidant for the TPNH generated is available.
By comparison, 2: 4-dinitrophenol, which induces aerobic fermentation (Beevers, 1953) , increased predominantly the release of C-3 and C-4 of glucose in air; the release of carbons C-1, C-2 and C-6 followed that expected from the conventional hexose breakdown.
When nitrite was applied to the tissues, production of carbon dioxide was also stimulated (cf. Willis & Yemm, 1955) . Again, the reagent stimulated primarily the release of 0-1 and then C-2 from glucose, suggesting that nitrite is reduced by TPNH (Nason, Abraham & Averbach, 1954) Ginzburg (1958) reported that Olm-ethylenediaminetetra-acetic acid (EDTA) at pH 8 brought about separation of cells of the root tips of pea seedlings. It seemed of interest to re-investigate the 52P PROCEEDINGS OF THE BIOCHEMICAL SOCIETY use of this chelating agent for the separation of plant cells as an adjunct to the study of plant proteins during growth and differentiation in roots. Investigations employing such a technique would supplement previous work based on serial sectioning of the root system (Robinson & Brown, 1952) , as well as providing cell innocula for studies of proteins during the growth and differentiation of cell cultures.
Seedlings of tomato (Lycopersicum esculentum Mill.) were grown under aseptic conditions, and treated with sterile solutions ofEDTA at 27°. It was found that mM-EDTA adjusted to pH 7-2 with N-NaOH brought about separation of the cells of the tissues of the rapidly elongating region of the root into single cells, and chains of cells, after incubation with the seedlings for 24 hr. A group of cells was isolated from among the separated cells of the apical meristem, which was probably the 'quiescent centre' (Clowes, 1956) . A 6 hr. period of incubation caused the root cap to separate as a unit, exposing the apical meristematic tissue of the root. Furthermore, after treatment of the seedlings with 10 mM-EDTA at 40 for 24 hr. followed by treatment with distilled water at 270 for 6 hr. it was possible to isolate units of the stele at various stages of development and differentiation.
No separation of cells was detectable after treatment with solutions of EDTA at pH 4*5. This confirmed the conclusion of Ginzburg (1958) that separation of cells is largely dependent on the chelation by EDTA of Ca2+ of the middle lamella, since chelation of Ca2+ by EDTA is at a maximum at about pH 7-2 and at a minimum at about pH 4-5. Further evidence that alkaline earth metal chelation was involved in the separation of cells by EDTA has been obtained from investigations using NN-di(2-hydroxyethyl)glycine. Solutions of this chelating agent adjusted to pH 8.0 with N-HCI failed to bring about separation of cells of the root tip. This agent chelates heavy metals but has virtually no complexing activity against the alkaline earth metals (Chaberek, Courtney & Martell, 1953 The rotary-shaker technique of Nickell (1956) was used to grow cell suspensions of sycamore (Acer p8eudoplatanu8 L.). During the log phase the mean generation time was approx. 48 hr. and the Q°2 was between 5 and 6 at 270. Addition of coconut milk to the medium was essential for growth. An increase of coconut milk from 10 to 40 % (v/v) of the medium increased the size of cell clumps from less than 10 cells per clump to several hundred. This effect of the addition of coconut milk was reversed by increasing the concentration of 2:4-dichlorophenoxyacetic acid from 0-6 to 6 p.p.m.
A thick suspension of cells in water was shaken with glass beads (2 mm. diam.) at approx. 50 cyc./ sec. for 2 min. in a cell mill (Zillig & Holzel, 1958) and the cell walls were isolated by centrifuging. The walls were washed 15 times with water and a preparation with less than 1 % nitrogen was obtained.
Of this nitrogen approximately 13 % was present as anhydrohydroxyproline. Only traces of this imino acid occurred in the protein of cell contents.
The walls were fractionated into hot-water soluble pectin 5 %, pectin extracted by ethylenediaminetetra-acetic acid 10%, hemicellulose 40 %, and acellulose 30 %. The analysis resembled that of cell walls from cambial tissues (Northcote, 1958) .
At least 80 % of the acid phosphatase activity of the cell was present in the wall preparation. This was measured using p-nitrophenyl phosphate as substrate and a broad pH optimum between 6 and 6-5 was found. Inorganic phosphate was found to inhibit competitively. Recently a number of workers (e.g. Pridham, 1960) have shown that simple phenols are converted into the corresponding fl-glucosides when fed to plants. The fate of cinnamic acids and coumarins, compounds which may be of physiological significance to the plants in which they occur, has now been studied. Dilute aqueous solutions of these phenolic substances were either fed to leaf petioles or infiltrated into tuber disks. After 24-72 hr., the plant material was washed with water and extracted with boiling ethanol. The products were identified by means of paper chromatography and absorption spectrophotometry (Harborne, 1960) . The results were compared with controls fed with distilled water.
Monohydroxy coumarins (e.g. 6-and 7-hydroxyand 7-hydroxy-6-methoxycoumarin) are converted into the expected fl-glucosides. 6: 7-Dihydroxycoumarin (esculetin) is converted in some plants (e.g. potato) into an equal mixture of the 6-and 7monoglucosides (esculin and cichoriin) and in other plants (e.g. Clemati8) to esculin alone. Traces of the 6-diglucoside are formed in some instances. When esculin and cichoriin are fed separately, either an equal mixture of both or esculin alone are again produced.
The results of experiments with the related cinnamic acids are more varied. The main products of feeding o-andp-coumaric, caffeic, ferulic and sinapic acids are the glucose esters, rather than the expected phenolic glucosides. Even when the methyl ester of p-coumaric acid is fed, p-coumarylglucose is still the main product. Phenolic glucosides are formed as minor products in certain plants. For example, caffeic acid is metabolized by tomato leaves to give three glucose derivatives (two of which are the 3-,Bglucoside and the glucose ester). Another metabolite of caffeic acid in radish leaves is esculin, and p-coumaric acid is converted by the same plant into caffeoylglucose.
It is concluded that cinnamic acids and coumarins undergo active turnover in plants and that plant species differ in the enzymes they contain for metabolizing them. The importance of the formation of sugar derivatives from cinnamic acids is apparent from the recent identification of a number of such compounds (e.g. p-coumaryland caffeoyl-glucose) as naturally occurring substances (Corner & Harborne, 1960, and unpublished work) . Indeed, sugar esters of caffeic acid appear to occur nearly as widely as the well-known quinic esters.
In?titute of Orthopaedic8, Royal National Orthopaedic Ho8pital, Stanmore, Middle8ex) Mechanical disintegration of human cartilage at the temperature of liquid nitrogen produced a finely divided product from which three fractions were isolated. Fraction A was extracted at pH 10 6 with a glycine buffer (0.1 M, pH 11-5) followed by ethanol precipitation of the extract (63 %, v/v). Fractions B1 and B2 were extracted at pH 11-6 from the resulting cartilage residue with 0-5N-NaOH, followed by fractional precipitation of the extract with ethanol (63 and 84 %, v/v, respectively). The yields (g./100 g. of wet tissue) were: fraction A, 2-9; fraction B1, 0-6; fraction B2, 0-2. Sialic acid was detected in each fraction using a modified diphenylamine reagent (Dische, 1929) . The violet chromogen absorbing at 525 mp formed by free and bound sialic acid with this reagent was not produced with pure chondroitin sulphate, L-fucose, hexoses, glucuronic acid, M-D-glucosamine or bovine serum albumin. Mild acid hydrolysis (001N, 800, 1 hr.) of fraction A liberated a dialysable product amounting, respectively, to 100, 10 and 12 % of the sialic acid, hexose and peptide material originally present.
Protein, sialic acid, hexosamine, sulphate and total non-nitrogenous hexoses accounted for 85 % of the total solids extracted. The analyses for sialic acid and hexuronic acid were, respectively: frac-tionA, 3 7, 8 6; fraction Bl, 4-1, 7-3; fractionB2, 6-4, 0 3 %. None of the 15 amino acids detected contained sulphur. Traces of hydroxyproline present in fractions A and B2 indicated that collagen was not a major protein constituent. Treatment of fraction A with phosphotungstic acid, trypsin, chloroform-amyl alcohol and Lloyds reagent resulted in products containing varying amounts of protein, mucopolysaccharide and sialic acid-containing components. Similar results were obtained after absorption on to benzoic acid (Anderson & Maclagan, 1955) , partitioning with 50 % (w/v) phenol (Courts, 1959) , precipitation with 5-aminoacridine hydrochloride (Muir, 1958) , hyaluronidase and papain digestion and (NH4)2SO4 fractionation.
It would appear that the well-known difficulties attending the removal of protein material from 54P PROCEEDINGS OF THE BIOCHEMCAL SOCIETY mucopolysaccharides apply equally to the separation of the sialic acid-containing components. Whether the sialic acid is present in the form of sialoproteins similar to those in human serum and urine or whether it is associated in some way with the linkage of mucopolysaccharides to noncollagenous peptide material, of the type first reported by Shatton & Schubert (1954) , is being investigated.
REFERENCES Anderson, A. J. & Maclagan, N. F. (1955) On the eighth day of hatching, 1-5 mg. of 15NH4C1 (10 atom % excess) was injected into the yolk sacs of chick embryos with 0-628 mg. of fiaminopropionitrile sulphate (APN). The incubation was continued 2 or 3 days, when the embryos were harvested. In one series the injection of the APN was postponed to the twelfth day and the embryos prepared on the thirteenth day. Neutral saltsoluble collagen (NSC), citrate-soluble collagen, insoluble collagen, non-protein nitrogen and in some cases 'albumin' and 'globulin' were isolated and their nitrogen analysed.
When '6NH&Cl and APN were administered together, the total 15N-content of insoluble collagen and NSC was higher in the experimental samples than in the controls, as also was the atom % excess of 15N. The 16N-abundances in the NSC and in the non-protein nitrogen were of the same order; in experimental samples the atom % excess in NSC was slightly above that in the non-protein nitrogen. When APN was injected on the twelfth day the total 15N and also its abundance in the insoluble collagen decreased. The NSC increased, but 15N (as atom % excess) remained almost unchanged at the level of non-protein nitrogen. The amino acid nitrogen increased but its 15N-content diminished.
Corresponding experiments were made in vitro by incubating the carrageenin granuloma slices with [14C]proline (Green & Lowther, 1959) in the presence of 10-3 or 10-2M-APN for 4 hr. Proline and hydroxyproline were isolated from the hydrolysed protein fractions as dinitrophenyl derivatives using two-dimensional chromatography (Levy, 1954) . The specific activities of dinitrophenylhydroxyproline were similar in both the experimental and control series, but the total activity was lower in NSC and in citrate-soluble collagen when the slices had been incubated with APN. In other experiments the NSC decreased. The specific activity of proline was higher in the supernatant, in the free-tissue amino acids and in proteins.
To conclude, in vivo the synthesis of collagen was enhanced by APN but the collagen became more labile metabolically. This agrees with its increased solubility (Levene & Gross, 1959; Mikkonen, Tuominen & Kulonen, 1959) . The stimulation of connective tissue by APN has been reported by Bauer, Carxsson & Lindquist (1955) . In vitro, only a decrease of the endogenous proline and of NSC was indicated.
We The determination of free e-amino groups in proteins of foodstuffs with fluorodinitrobenzene (FDNB) involves the acid hydrolysis of the dinitrophenylated protein in presence of large amounts of carbohydrate. It has been reported (Fraenkel-Conrat, 1955 ) that exceptional destruction of dinitrophenyl (DNP) amino acids is associated with the presence of reducing agents. We investigated, therefore, the destruction of e-DNP-lysine during refluxing with 100 ml. of 6N-HC1 for 24 hr., in presence of various carbohydrates.
e-DNP-lysine was measured by the method of
Bruno & Carpenter (1957) for determining 'available lysine' in foods. Hydrolysis of 20 mg. of E-DNP-lysine alone, with 140 mg. of casein, 190 mg. of mannitol, 190 mg. of gluconic acid or 190 mg. of sorbitol leads to insignificant (less than 8%) PROCEEDINGS OF THE BIOCHEMICAL SOCIETY 55P destruction. Hydrolysis of c-DNP-lysine with 9 5 times its weight of glucose, fructose or D-glucuronic acid lactone results in a destruction of 50, 54 and 79 %, respectively, whereas with lactose, sucrose or starch the destruction is 65, 57 and 50 %, respectively. Doubling the amount of starch increases the destruction to 68 %. Similar results were obtained with 2: 4-dinitrophenol as model substance. It is concluded that destruction is associated with carbohydrates having a reducing power or being capable of yielding reducing compounds on hydrolysis.
Reduction of nitro groups could be demonstrated with 2:4-dinitro-phenol and -toluene and e-DNPlysine. After refluxing these compounds with glucose or lactose in 6N-HC1, amino derivatives were separated by paper chromatography and detected by diazotization and coupling with N-1naphthylethylenediamine. 2:4-Dinitrophenolyielded 2-amino-4-nitro-phenol, 4-amino-2-nitrophenol and some 2: 4-diaminophenol. 2: 4-Dinitrotoluene produced aminonitrotoluene and very probably diaminotoluene.
The destruction of c-DNP-lysine observed would render the determination of 'available lysine' in foods impossible, were it not for the protective effect brought forth by the initial treatment with FDNB. Thus, treatment of milk with FDNB, removal of excess of FDNB and subsequent acid hydrolysis yields a nearly theoretical amount of c-DNP-lysine, whereas the hydrolysis of synthetic E-DNP-lysine with the same proportion of milk results in a destruction of more than 50 %. This unexplained deactivation of carbohydrates by pretreatment with FDNB is being investigated. Itano, Singer & Robinson (1959) have shown that hybrid haemoglobins may be formed when two different haemoglobins are together dissociated at acid pH and subsequently recombined by neutralization of the acid solution. Such hybrid molecules are of the parent type if the two haemoglobins have a common pair of aor fl-chains, but if the haemo-globins are singly abnormal and differ from each other in both a-and fl-chains then haemoglobin A and a doubly abnormal haemoglobin are formed as well as the parent types. The hybrids which differed in net charge from the parent types were originally detected by moving-boundary electrophoresis , or column chromatography (Vinograd, Hutchinson & Schroeder, 1959) . The separation and detection of such hybrid haemoglobins has now been achieved, both in starch gel using either phosphate buffer or the discontinuous system described by Poulik (1957) . The combination of the starch-gel technique with the hybridization procedure enables the identity of the abnormal chain of a haemoglobin to be determined on 1 mg. quantities of material. The method has been verified by repeating the hybridization of the abnormal a-chain haemoglobin I with the abnormal fl-chain haemoglobin C . As in the original experiment, an extra haemoglobin zone appeared in the position of haemoglobin A. This zone comprises haemoglobin A itself, and the doubly abnormal haemoglobin I/C of net charge equal to that of A.
REFERENCES
Dissociation and recombination of a haemoglobin G from Ibadan (Shooter, Skinner, Garlick & Barnicot, 1960) with the abnormal fl-chain haemoglobin S produced two new haemoglobin species, one having the mobility of haemoglobin A and the other a mobility close to that of haemoglobin C. With haemoglobin J an additional zone appeared in the position of haemoglobin A. On the other hand, no new haemoglobin species were formed in the hybridization of haemoglobin G with I. This haemoglobin G has therefore an abnormal a-chain and the composition of the hybrids formed in the experiments with S and J are given in the following equations: 
If no abnormal a-chain haemoglobin is available a positive identification of an abnormal fl-chain haemoglobin may be obtained with haemoglobin H, which is known to be a f-chain tetramer (Jones, Schroeder, Balog & Vinograd, 1959) . In this case haemoglobin A is formed when haemoglobin H is hybridized with an abnormal fl-chain haemoglobin, e.g. haemoglobin E, but not when it is hybridized with an cc-chain abnormal haemoglobin. Application of these techniques has now shown that haemoglobin G (Edington, Lehmann & It has been shown (Heald, 1959 ) that brain contains two major groups of phosphoproteins, one attached to particulate matter, the other soluble in aqueous sucrose solutions. The particulate phosphoprotein, which is not contained in the mitochondria, appears to be a single entity as regards the incorporation of radioactive phosphate. It is of particular interest since the radioactivity ofthe phosphorus increases markedly when slices of cerebral cortex, metabolizing glucose are briefly stimulated by electrical pulses. To obtain further information regarding its nature and to provide a substrate for the study of phosphorylation and dephosphorylation mechanisms, a soluble preparation has been obtained from ox brain. The phosphoprotein is firmly bound in the particles but can be solubilized by treatment with a secondary alkyl sulphate and further purified by precipitation with acetone and sodium chloride. The preparations so far obtained are purified 14-15 times in terms of phosphorus, contain little nucleic acid, 8-8-6 % N, 0*3-0-6 % P, and 40% lipid, and the yield was 25 %. The lipids extracted either by ethanol-ether (3: 1, v/v) or chloroform-methanol (2:1, v/v) contain 0 9-1 2 % P, 1-2 % N, and 1-5-2 6 % carbohydrate (as galactose). Cholesterol is absent. Ester analysis (Shapiro, 1953) accounts for the remainder of the lipids, which are therefore presumably neutral tri-glycerides. The lipid-free residues contain 112-11-6 % N and 0.1-0.24% P, 50-75 % of which is labile in alkali. Qualitative paper chromatography of acid hydrolysates revealed an amino acid pattern suggestive of an acidic protein. When incubated either with a fortified cerebral dispersion or with ratliver mitochondria in the presence of radioactive phosphate, the preparations are phosphorylated, radioactive phosphorylserine being detected in hydrolysates of the phosphoproteins at the end of the incubation. (Heiligenberg In8ttitut, Heiligenberg, Germany) Kirby (1957 Kirby ( , 1958 suggested, that deoxyribonucleic acid (DNA) is bound to proteins by coordinated metal linkages besides electrovalent linkages. According to the present author, DNA may be extracted from tissues with 90% phenol only in the presence of certain anions, for instance trichloroacetate. These anions apparently break the bivalent metal linkages between DNA and protein.
Recently we found (Hagen, 1960) that below a final concentration of 1 % trichloroacetate, only a small yield (10-S15 %) of DNA can be obtained, whereas with 2 % trichloroacetate all of the DNA can be extracted. This indicates the existence of a threshold concentration of trichloroacetate for complete extraction of DNA.
We observed this behaviour, characteristic for metal linkages between DNA and protein, not only at the extraction ofwhole tissue but also at the same treatment of thymus nucleohistone. This nucleohistone was extracted from the thymus with M-NaCl and precipitated by dilution to 0. 14M-NaCl. No DNA at all can be obtained with trichloroacetatephenol from the 'histone-free deoxyribonucleoprotein' of Monty & Dounce (1958) . This means that in the living cell DNA is bound by metal linkages to histone, not to the 'residual protein' described by Mirsky & Pollister (1946) .
After X-irradiation of animals (2-6 hr. after 200-1000 r.), a higher yield of DNA can be obtained at the extraction with 0 5 and 1 % trichloroacetate from the thymus tissue (Hagen, 1960) as well as from isolated thymusnucleohistone. This effect PROCEEDINGS OF THE BIOCHEMICAL SOCIETY 57P indicates a damage or a labilization of metal linkages by the X-irradiation. If calcium ions are added to the nucleohistone of irradiated animals, the raised yield of DNA decreases again to normal values. Not only calcium but, also magnesium is able to abolish this labilization effect of irradiation and to 'repair' the irradiation damage of metal linkages.
This phenomenon provides a basis to determine the amount of metal linkages in the thymus nucleohistone. At 6 hr. after 800 r. of whole-body irradiation, at a nearly complete destruction of the metal linkages, 0 55 % of Ca2+ per nucleohistone is necessary to repair the irradiation damage. This value is very similar to the calcium concentration in nucleohistone measured by Frick (1958) with a quite different experimental technique (0 54-066% Ca2+ per deoxyribonucleoprotein). Samples of ribonucleic acid (RNA) from three sources were studied, namely, ascites tumour cell (sample 1), Escherichia coli (sample II) and yeast (sample III). Sample I was prepared by Colter & Brown according to their method (1956) and contained only material precipitated by M-NaCl; samples II and III were given to us by Professor J. P. Ebel; they were not fractionated. All materials were lyophilized. Ultracentrifugal examination showed sample I to have essentially two peaks with S20 18 (37 %) and 31 (63 %) and to be identical with material previously described (Colter & Brown, 1956) . Sample II was highly aggregated and sample III sedimented in a broad band with an S20.W distribution between 4 and 15.
The low-angle scattering experiments were performed with dilute isotropic solutions (0.5-3.5 % by wt.) and the intensities were measured on the absolute scale by direct comparison with the energy of the direct beam (Luzzati, 1960) . All the samples were examined in water and in a buffer at pH 6 8-7 0 having I 0-15 (0*14m-NaCl-0 01M-phosphate) at 3+ 10.
The results obtained in the buffer were identical for the three samples of RNA over the entire angular range covered. The interpretation of the experimental data (Luzzati, 1960) shows that over a short distance the molecules are rod-like in shape. Two parameters of the rods have been determined: the radius of gyration around the axis, R0, and the linear specific molecular weight (IL). RC is 8-5 A; ,u is 116 ± 5, assuming the partial specific volume, V, to be 0-578 (Cohen & Stanley, 1942) . Both parameters are very similar to those found in deoxyribonucleic acid (DNA) under the same experimental conditions (Luzzati, Nicolaieff & Masson, unpublished results), i.e. RC 8*4, , 110, and V 0 595. In one respect, however, the small-angle X-ray diffraction patterns of DNA and RNA are different. Dilute solutions of DNA behave as a set of independent rigid rods down to 8 = 1/300 A [8 = (2 sin 6)/A]. On the contrary, RNA molecules are either flexible or they form aggregates, as is shown by the inner part of the diffraction pattern. When compared with light-scattering data (Timasheff, Brown, Colter & Davies, 1958; Kronman, Timasheff, Colter & Brown, 1960 ) obtained on similar preparations of RNA from ascites tumour cell, the X-ray observations are found to be well consistent with the presence of small swollen particles.
The effect of lowering electrolyte concentration was discussed. 
University of Cambridge)
Using the paper-chromatographic technique of Wyatt (1951) for the separation of free purine and pyrimidine bases, the base ratios of the nucleic acid of a gram-variable bacterium have been determined as adenine, 100; guanine, 1-10; cytosine, 0-65; uracil, 0-67; thymine, 0-15. Deoxyribonucleic acid * Overseas Science Research Scholar of the Exhibition of 1851. f 58P PROCEEDINGS OF THE BIOCHEMICAL SOCIETY (DNA) and ribonucleic acid (RNA) were isolated from the organism by the procedure of Dutta, Jones & Stacey (1953) and the base ratios of the isolated materials were for DNA: adenine, 100; guanine, 1-18; cytosine, 1*02; thymine, 0 94, and for RNA: adenine, 100; guanine, 1-34; cytosine, 0-88; uracil, 082. The resting cells used for the present experiments on enzyme induction contained by weight 9*55 % of RNA and 1-9 % of DNA, estimated by the method of Burton (1955) . Chromatography and radioautography indicate that [14C]uracil is a source of nucleic acid uracil and cytosine; [14C]adenine is a source of both adenine and guanine; and ['4C]guanine is incorporated mainly as guanine with a trace conversion into adenine. The rate of turnover of [2-14C]uracil, [8-14C]adenine, and [8-14C] guanine in the nucleic acids are linear and have been estimated in resting cells to be 0 3 %/hr. for adenine, 0 4%/hr. for guanine, and 0 15 %/hr. for uracil. Turnover has been estimated from the rate of release of radioactivity from the fraction of the cells precipitated by cold trichloroacetic acid to that soluble in cold trichloroacetic acid. The compounds in which the counts resided were isolated and characterized by chromatographic and spectral methods. During the 4 hr. observation period transfer of radioactivity to compounds less complex than purines and pyrimidines was negligible; cell lysis and leakage were negligible.
The addition of melibiose, which is an inducer for the formation of o-nitrophenyl f-D-galactosidase, was followed by synthesis of the enzyme. The synthesis became linear after a lag period of 40 min. During the first 30-60 min. after the addition of inducer, the rates of turnover of the adenine, guanine, and uracil increased some 2-5 times and then resumed the linear rates reported above.
Research Unit, M.R.C. Laboratorie8, Woodman-8terne Road, Car8halton, Surrey) Ethionine (Farber, 1959) and dimethylnitrosamine (DMN) (Magee & Barnes, 1956) inhibit protein synthesis and induce cancer in the liver of rats. Ethionine is incorporated into liver protein apparently by peptide bonds (Levine & Tarver, 1951) . Radioactivity is bound to protein and to nucleic acid of rat-liver slices incubated in vitro with-[14C]dimethylnitrosamine (Magee & Hultin, 1958) .
The narrow band about midway between the guanine and adenine peaks. This peak of radioactivity coincides with a small peak in ultraviolet absorption which has a spectrum identical with that of an authentic sample of 7-methylguanine. Methylation after treatment with DMN in vivo may be analogous to the formationof 7-methylguanine bythe action of dimethyl sulphate on guanylic acid in vitro (Lawley & Wallick, 1957) . With ethionine, at least two peaks of radioactivity were found in the purine region not corresponding to guanine or adenine. It is possible that these are ethylated purines. Thus the two carcinogens DMN and ethionine appear to alkylate liver RNA to produce chemically abnormal components. This is consistent with the suggested importance of alkylation of cell constituents in carcinogenesis (Haddow, 1958) and offers some experimental evidence for the possible importance of altered RNA in the early stages of cancer production (Darlington, 1948; Todd, 1959 (Finch & Hele, 1959; Hele & Finch, 1960) become unstable on further purification, unless kept in 100 min-glutathione. Schweet (personal communication) observed similar effects with guinea-pigliver preparations low in S-RNA; 'pH 5 0 fractions' (Hoagland, Stephenson, Scott, Hecht & Zamecnik, 1958) , rich in S -RNA, are stable without glutathione.
This difference led to the further study of 'pH 5*0 fractions' and soluble-protein preparations, low in S-RNA, both from rat liver (Hele & Finch, 1960) . These 'RNA-low' fractions were further purified by adsorption on to calcium triphosphate gel, and elution with 10 mx-sodium phosphate (pH 8-0)-saturated (NH4)2SO4 (3: 1, v/v). Precipitation of the eluted protein with recrystallized (NH4)2SO4 (at 40 % saturation) gave an 'RNA-low fraction', which catalysed pyrophosphate exchange with a number of amino acids, that with leucine and lysine being of most interest. The exchange rate with both these amino acids, with 15 mm-MgCl2, was about 200-0 0Lm-moles/min./mg. of protein, more than 10 times the rate without added amino acid. Half-maximal velocity occurred with 0-1 mmlysine or leucine. The stability ofpyrophosphate-exchange activity was studied by pre-incubating enzyme preparations before assay for varying times at 370, without substrates, and in the presence of various combinations of (NH4)2SO4 (probably a source of heavy metal ions), 2: 6-dichlorophenolindophenol, ethylenediaminetetra-acetic acid (EDTA), or glutathione. Under conditions where 'RNA-low fractions', or ribonuclease-treated 'pH 5 fractions' lost 60-90 % of their activity, the 'pH 5-0 fractions' lost 10%. Complete protection was afforded by glutathione or EDTA, but none by added yeast RNA or rat-liver S-RNA.
Transfer of [14C]leucine and [14C]lysine to added S-RNA (2-4 jtm-moles/mg. of S-RNA with either amino acid) was catalysed by the 'RNA-low fraction', this transfer being affected by glutathione, EDTA and various pre-incubation treatments.
These observations raise the possibility that, in the 'pH 5-0 fraction', the terminal nucleotide sequence of the S-RNA (Hecht, Stephenson & Zamecnik, 1959) confers protection upon a thiol group(s), perhaps required for the transfer of amino acids from amino-acyl adenylates to S-RNA.
The effects of sulphydryl compounds or 2:6-dichlorophenolindophenol observed in systems using RNA-low 'S-protein' (Sachs, 1957; Rendi & Campbell, 1959; Rendi & Hultin, 1959a may be related to the phenomena described here.
(34) Incorporation of Radioactive Amino Acids into Serum Albumin by Isolated Ratliver Ribosomes. By A. KORNER. (Department of Biochemi8try, University of Cambridge) Ribosomes can be isolated from rat liver in a state in which they incorporate radioactive amino acids into protein for some hours (Korner, 1959a (Korner, , 1960 . This communication reports the incorporation of labelled amino acids into serum albumin in this system.
Ribosomes, prepared and washed free of deoxycholate and suspended in a buffered salt medium were incubated with radioactive amino acids as previously described (Korner, 1960) . Samples of the incubation mixture were withdrawn at various times and the reaction stopped by addition of icecold 0-44M-sucrose containing excess of unlabelled amino acids and the ribosomes separated from the soluble fraction by centrifuging at 105 000 g for 1 hr. Rat albumin (10 mg.) was added to each fraction to act as a carrier.
The ribosomes were treated with ribonuclease at 370 for 30 min. or in other ways to release protein from the ribosomes. The protein released from the ribosomes and that of the soluble fraction, were separately precipitated with 10% trichloroacetic acid and the precipitate extracted with ethanol. This procedure renders soluble all the serum albumin together with some other proteins (Korner & Debro, 1956) . Ethanol and trichloroacetic acid were removed by dialysis and the proteins were treated with rabbit serum containing antibody to ox-serum albumin to remove non-specific precipitable protein. Rabbit serum containing antibody to rat-serum albumin was then added, the precipitated antibody-antigen complex spun off and the unprecipitatedproteinadded to the 'non-albumin' protein which had not dissolved in ethanol after precipitation with trichloroacetic acid. It is possible to f-2 60P PROCEEDINGS OF THE BIOCHEMICAL SOCIETY separate albumin from its antibody-antigen complex by treatment with ethanol-trichloroacetic acid (Peters, 1958) and then to submit the albumin to procedures designed to demonstrate its identity. The albumin from the soluble fraction and from the ribosomes, and the non-albumin protein from these two sources, was prepared for counting, and its radioactivity estimated as previously described (Korner, 1959 b) . Both albumin fractions were steadily and progressively labelled during incubation for about 3 hr. Their specific activities were of the same order as those ofthe non-albumin fractions even though they had been greatly diluted by carrier albumin. Very low levels of amino acid incorporation into albumin were obtained when the energy source was omitted from the incubation medium.
duced by E. C. SLATER). (Laboratory of Phy8iological Chemi8try, Univer8ity of Am8terdam, The Netherlanm)
The isolation procedure for ascites-cell mitochondria described by Borst (1960) has been improved to yield a routine preparation of constant quality containing 15-25 mg. of protein. These mitochondria show adenosine diphosphate respiratory-control indices of 4 1-5-7 with glutamate, a latent adenosine triphosphatase, normal P: 0 ratios with succinate and diphosphopyridine nucleotide (DPN)-linked substrates and a low ratio (0.25) with ascorbate + cytochrome c (P. Borst, unpublished results) .
With this mitochondrial preparation we have reinvestigated the DPN requirement of DPNlinked oxidations, reported for tumour mitochondria in general (Weinhouse, 1955) and recently confirmed for ascites-cell mitochondria (Hawtrey & Silk, 1960) . Addition of mM-DPN to ascites-cell mitochondria oxidizing 0-02M-a-oxoglutarate + 0-02M-malonate, 0 02 M-glutamate or 0-02 m-pyruvate + 2 mM-malate had no significant effect on the uptake of oxygen.
To verify these unexpected results pyridine nucleotides were determined by fluorimetric methods, applied to acid and alkali extracts of fresh mitochondrial preparations, using separate enzymic analyses for DPN, triphosphopyridine nucleotide (TPN), DPNH and DPNH + TPNH (Ciotti & Kaplan, 1957) . The average values (range in brackets), expressed as jumoles/g. ofmitochondrial protein of 4-5 preparations, were: DPNH, 241 (F15-2-8); DPN, 3-2 (1-5-4-4); TPNH, 0 5 (-0 3-1-0); TPN, 0-0 (-0.1-+ 0.3). Since the TPNH content was determined by difference, the presence of TPNH in ascites-cell mitochondria cannot yet be considered as established. However, the DPNH + DPN content is clearly comparatively high. A recent average value obtained in this laboratory by the same procedure for the total DPN content of 10 preparations of fresh rat-liver mitochondria was 3-51umoles/g. of protein (2-1-4-9), while the values obtained fluorimetrically by other workers (Jacobson & Kaplan, 1957; Purvis, 1960) are even lower.
From these results it seems probable that the DPN requirement found for ascites-cell mitochondria by Hawtrey & Silk (1960) is an artifact of their isolationprocedure. Moreover, thefinding that the mitochondria of a malignant and biochemically 'typical' tumour (Warburg, 1956) contain what could well be called an abundance of DPN, make it improbable that the proposed DPN deficiency of tumour mitochondria (Weinhouse, 1955) Routine determinations of urinary steroid hydrogen sulphates are based on the preferential cleavage of their sulphuric ester bond either by enzymes, or by heating at or about pH 7, or by acid-catalysed solvolysis (Roy, 1956; Burstein & Lieberman, 1958;  PROCEEDINGS OF THE BIOCHEMICAL SOCIETY 61P Fotherby, 1959; and references there cited). Solvolytic cleavage in the absence of acid (Cohen & Oneson, 1953; McKenna & Norymberski, 1957 ) is a method of choice since it proceeds under mild conditions, specifically, and regardless of the position or orientation of the ester group, but cannot be applied to crude extracts of urine (Cohen & Oneson, 1953) . Recently, a method was reported for the direct chromatographic estimation of the hydrogen sulphates of dehydroepiandrosterone, androsterone, and aetiocholanolone in an extract obtained with ethyl acetate from urine half-saturated with ammonium sulphate (Bush & Gale, 1960) .
The partition coefficients of steroid hydrogen sulphates and of their salts for water-chloroform strongly favour the aqueous phase. We find that in the presence of the pyridinium ion chloroform is the favoured phase. Aqueous solutions of the salts (sodium, potassium, or pyridinium) of dehydroepiandrosterone sulphate and of related substances were made 0 3M in pyridinium sulphate and extracted with chloroform (05-1 vol.); the extracts contained 80-100 % of the sulphates in the form of their pyridinium salts. Under identical conditions, extraction of urine gave similar recoveries of added material.
The urinary extracts were found pure enough to be submitted to solvolysis by dioxan without addition of acid, following which the 17-oxo steroids derived from their sulphates were measured as a group by means of the Zimmermann reaction or resolved on paper in Bush's system A (Bush, 1952; Brooks, 1958) into their individual components. Further concentration of the urinary steroid sulphates was brought about by extracting their chloroform solutions with water (0 5 vol.) and the aqueous solutions, after addition of pyridinium sulphate, again with chloroform. By S. BALA isEmAN and R. RODNIGHT. (Departrment of Biochemnistry, Institute of P8ychiatry, London, S.E. 5) In the course of studying urines from mentally ill subjects for acidic indoles by paper chromato-graphy an unknown compound reacting with Ehrlich's reagent was observed in extracts prepared by running urine (at pH 7) through columns of De-Acidite E (Permutit Co. Ltd.) in the OH form, washing the resin and eluting the absorbed acids with methanolic ammonia. The spot gave a purple colour within 1 min. of dipping the chromatogram in Ehrlich's reagent (Smith, 1958) , which faded to blue-grey within 3 hr. The R.valueswere: propanolammonia-water (80:5:15), 0 33; butanol-acetic acid-water (60:15:25) , 0 53. Some 15 mg. of the substance was obtained free of other indoles by chromatography of about 1 1. of urine from a high excretor on De-Acidite E and paper. By hydrolysis with saturated Ba(OH)2 (1 hr., 1000) followed by acidification and extraction with ethyl acetate, an acidic indole was isolated with identical R. values (7 solvents) and properties with respect to reaction with Ehrlich's lreagent (pink colour after 24 hr.), to synthetic indolyl-3-carboxylic acid (Doyle, Ferrier, Holland, Mehta & Naylor, 1956) . By acid hydrolysis a compound was obtained with the chromatographic properties and reactions ofglucuronic acid, thus makingthe probable identity of the parent substance indolyl-3-carboxylic acid glucuronide. This was confirmed by incubation with ,B-glucuronidase for 24 hr. at pH 4-5. The conjugate was excreted in detectable quantities by 11 out of 35 normal subjects (31 %) examined (range: 20-60 mg./24 hr.) and by 35 out of 55 mental hospital patients (64%) (range: 20-120 mg./ 24 hr.). Free indolyl-3-carboxylic acid has been reported in urine (Armstrong, Shaw, Gortatowski & Singer, 1958) and probably originates from the action ofthe gut flora on tryptophan. When indolyl-3-carboxylic acid was fed to a normal subject some 10 % was excreted over 12 hr. as the free acid, but no increase in the glucuronide was observed. Instead, an as yet unidentified compound was excreted with the same R. values as the glucuronide and which gave a pink colour with Ehrlich's reagent only after storing the paper for 24 hr. in an atmosphere of HCI vapour.
We are grateful to the authorities of the British Council (Colombo Plan Fellowships' Section) for the award of a Following the administration of bromoethane to the rat, the excretion of two sulphur-containing metabolites of this compound was observed, one of which was identified as ethylmercapturic acid, i.e. N-acetyl-S-ethyl-L-cysteine (Thomson, Maw & Young, 1958) . The other compound was not identified, but evidence has now been obtained that it is the sulphoxide of ethylmercapturic acid, i.e. Nacetyl-S-ethyl-L-cysteine S-oxide:
C2H6Br -+ C25 -SO * CH2 * CH(NH -CO * CH3) -CO2H S-Ethyl-L-cysteine and S-ethyl-L-cysteine Soxide, N-acetyl-S-ethyl-L-cysteine and N-acetyl-Sethyl-L-cysteine S-oxide were prepared as reference compounds. The latter compound was obtained by acetylation of S-ethyl-L-cysteine S-oxide with keten and also by the oxidation of ethylmercapturic acid with H202.
When the urine of rats which had been injected with bromoethane and fed on a diet containing 36Slabelled yeast was examined by chromatographic methods in three different solvent systems, it was found to contain a 35S-labelled compound with the same R. values as synthetic N-acetyl-S-ethyl-Lcysteine S-oxide. The compound was not detectable with the K2Cr2O7-AgNO3 reagent of Knight & Young (1958) or with ninhydrin, but could be detected by the use of the potassium iodoplatinate reagent of Toennies & Kolb (1951) .
Thick-paper chromatograms of the urine were developed in two different solvent systems, and the radioactive metabolite was located and eluted with water. The eluates were then examined by radiochromatography after various treatments. Only ethylmercapturic acid was detected after reduction with thioglycollic acid. After an eluate had been incubated with a preparation of pig-kidney deacetylase it contained S-ethyl-L-cysteine S-oxide and when it was heated in 6N-HCI there was formation of S-ethyl-L-cysteine. C2H5* S * CH2 *CH(NH -CO * CH3) *C02H I Thioglycollic acid C2H5-SO CH2*CH(NH CO *CH3) 'C02H I Deacetylase HC1 C2H6*SO *CH2*CH(NH2) *CO2H C2H5 S * CH2 *CH(NH2) *CO2H
By means of paper chromatography it was shown that synthetic N-acetyl-S-ethyl-L-cysteine S-oxide behaved in the same manner when subjected to these processes. Furthermore, ethylmercapturic acid and S-ethyl-L-cysteine were isolated, the former after reducing the synthetic mercapturic acid sulphoxide with thioglycollic acid and the latter after decomposing it with 6N-HC1.
It is believed that the present work provides the first evidence for the formation of a mercapturic acid sulphoxide in the animal body.
By FRANCES FOGGITT and A. E. KELLIE. (Courtauld Institute of BiocheMi8try, Middle8ex Hospital Medical School, London, W. 1) Standard methods for the analysis of urinary steroids are indirect, involving preliminary hydrolysis of the glucuronoside and sulphate conjugates. Procedures are, however, available for the quantitative extraction of steroid conjugates (Edwards, Kellie & Wade, 1953; Bush & Gale, 1957) and recently methods have been described for the separation of steroid glucuronosides from steroid sulphates (Crepy, Jayle & Meslin, 1957; Pelzer & Staib, 1957; Barlow & Kellie, 1959) and individual steroid conjugates from each other (Lewbart & Schneider, 1955 Bush, 1957) . The present paper deals with the application of these methods for the isolation and identification of 17-oxo steroid glucuronosides and of corticosteroid glucuronosides from human urine.
Urines obtained from normal subjects following the administration of corticotropin were adjusted to pH 2 and extracted by the method of Edwards et al. (1953) . The glucuronoside fraction obtained by separation on an alumina column was subsequently analysed by partition column chromatography on Celite 535 using systems related to those described by Bush (1957) . Separation of the following components of the 17-oxo steroid glucuronoside fraction was achieved; androsterone glucuronoside, aetiocholanolone glucuronoside, 1 1-oxo-aetiocholanolone glucuronoside, l1,-hydroxyandrosterone glucuronoside and 1 lf-hydroxyaetiocholanolone glucuronoside. Using similar columns with more polar partition systems the glucuronosides of the following corticosteroids, 3=:5fl-tetrahydro S (THS), PROCEEDINGS OF THE BIOCHEaICAL SOCIETY 63P 3oc:5a-tetrahydro B, 3oc:5#-tetrahydro E (THE) and 3=:5f-tetrahydro F (THF) were separated and identified. In no case have these isolated steroid glucuronosides been obtained, as such, in crystalline form and evidence of identity is based, in part, upon preliminary hydrolysis of the purified steroid glucuronoside using fi-glucuronidase followed by chromatographic and infrared identification of the free steroid.
In the case of androsterone, aetiocholanolone, THS, THE and THF glucuronosides sufficient material was available to obtain the steroid glucuronosides in crystalline form as the triacetate methyl esters. After treatment of the steroid glucuronoside with diazomethane and acetylation with acetic anhydride and pyridine the product was purified by partition chromatography on Celite. The preparation of synthetic compounds for comparison is underway at present. In the course of this study the infrared absorption spectra of a large number of steroid glucuronosides and steroid glucuronoside triacetate methyl esters have been examined in solution and as KBr discs; while some differentiation is possible in the carbonyl region of the spectra, the 'fingerprint' region of all the compounds examined was similar and quite unsatisfactory as a means of identification. Kilpatrick, Elmore & Wood (1958) observed that the antithyroid activity ofa series ofthiohydantoins containing non-polar groups in the 5-position was similar to that of 2-thiouracil, while compounds containing polar groups in this position were much less active. Astwood (1945) found that 2-thiouracil derivatives having a non-polar substituent in the 6-position had greater antithyroid activities than derivatives with a polar group in this position. Accordingly, 2[35S]-thiohydantoin and 5-carboxymethyl-2[uS]-thiohydantoin have been prepared and shown to be at least 98 % pure by chromatography. Male albino rats were injected intraperitoneally with either 2[35S]-thiohydantoin (70 pmoles/kg.)or5-carboxymethyl-2[2[5S]-thiohydantoin (130,umoles/kg.) . Since these compounds are unstable, urine was collected in vessels from which light was excluded and at intervals during the following 24 hr. groups of three rats were killed and samples of blood, bones, liver and thyroid taken.
Following the administration of both compounds the 35S content of the serum, red-blood cells, liver and bones decreased after an initial rise during the first hour. The total 35S content of the thyroids of rats which had received 2[35S]-thiohydantoin increased and after 24 hr. 1 g. of thyroid contained 7-6 % of the dose of radioactivity injected. The 35S content of the serum after 1 hr. was 8-7 % of the dose/ml. When the thyroids were homogenized with water and chromatographed in two dimensions using butanol saturated with water and ethanol-Mammonium acetate, pH 7X5 (7-5:3, v/v) the only radioactive material which could be detected was sulphate. After 24 hr. 65 % of the injected 35S had been excreted in the urine and chromatography showed that 70 % of the 35S appeared as the parent compound, while the rest of the activity was made up of sulphate and two unidentified compounds, neither of which was 3-acetyl-2-thiohydantoin.
After the administration of 5-carboxymethyl-2-
[35S]-thiohydantoin no appreciable concentration of 35S was found at any time in the thyroid and in contrast to 2[35S]-thiohydantoin, 99 % of the 36S from the polar compound was excreted in the urine in 24 hr. These results suggest that thiohydantoins containing non-polar substituents are metabolized to sulphate in the thyroid gland and that their antithyroid action is dependent on this oxidation. An increasing concentration of sulphate in the thyroid was found by Maloof & Soodak (1957) to occur after [35S]thiourea, but not after 2[35S]-thiouracil.
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PROCEEDINGS OF THE BIOCHEMICAL SOCIETY investigation is concerned with the metabolism of urea in isolated hearts of adult rats.
(1) The hearts, washed in ice-cold Ringer solution, contained on average 203 ± 21 ,ug. of urea/g. wet wt. in the homogenate. [Urea was estimated by the Folin method, using urease 'Type II' (Sigma Chemical Co.) .] This value, the mean of 15 experiments, is taken as the 'standard' in the following experiments.
(2) Having perfused 14 hearts for 30 min. with Krebs-Ringer buffer (380, 02 + C02) by the method of Bleehen & Fisher (1954) , the perfusate contained onaverage 175 ± 33jug., the homogenate 61 ± 31 ,ug., a total of 236 ± 40 ,ug. of urea/g. wet wt. The urea content after perfusion was therefore 33 pg. higher than the 'standard'.
(3) Eighteen hearts perfused with 40 mg./100 ml. of urea in Krebs-Ringer buffer (30 min., 380, 02 + C02) absorbed on average 249 pg. of urea/g. wet wt. If this urea had simply accumulated in the heart, they must have contained 203 + 249 = 452 pg. of urea/g. wet wt. But in fact they had on average only 168 ,ug. of urea. The hearts must therefore have metabolized 284,g. of urea, but anmmonia was not detected in the perfusate or in the homogenate.
(4) Other hearts were perfused three times successively with equal amounts of Krebs-Ringer buffer (10, 20 and 30min., 380, 02+C02). In the three perfusates together there were 166 pg. and in the homogenate, 49,g. of urea/g. wet wt. Each heart therefore contains 263,g. of urea, that is 12 ,ug. more than in the 'standard' (203 pg.). After the hearts had been washed out three times, the homogenate contained nearly the same quantity of urea (80 ,ug.) as the homogenate in Expt. 2 (89 pg.). This points to a fixation of urea in the heart not in agreement with the fall of concentration. (5) Finally eight hearts were perfused with 4 % NH4C1 in Krebs-Ringer buffer three times consecutively (30 min., 38°, 02 +C02). They absorbed 105,g. of NH3/g. wet wt., but in the homogenate there were found only 24 pg. of NH3. So on average 369 ,ug. of urea were given off into the perfusate (cf. 175 ± 33 , ug. in Expt. 2) . The concentration of urea in the heart was reduced to 48 pug. (cf. 61 ± 31 pg. in Expt. 2) so that the total content was 417 ,ug. This is 181 ,ug. higher than the corresponding value in Expt. 2 and 214 pg. higher than in the 'standard'. Evidently the hearts form urea when they take up NH4Cl. The effects of electrical pulses on ion movements in cerebral tissues have been examined to determine whether they are similar to those previously shown to result from stimulation of other electrically excitable systems (Hodgkin, 1958; Keynes, 1951) . The experimental conditions used were similar to those reported by McIlwain (1951) and Heald & Mcllwain (1956) . On incubation in oxygenated glucose salines, the tissue content of potassium salts rose to 61 ± 6 (8) ,umoles/g. and was stable at this value between 30 and 40 min. of incubation, findings similar to those of Terner, Eggleston & Krebs (1950) . Application of electrical pulses of the tissue was then accompanied by a loss of potassium, of about 3 % per min. during the first 3-5 min. A greater loss was observed in the absence of glucose, or when glutamate was present with or without glucose. The total sodium in the tissue did not increase to an extent equivalent to the loss of potassium. However, after application of pulses for 10 min., intracellular sodium (computed by subtracting values for the tissue chloride from those for the sodium) had increased.
Radioactive potassium was also used to measure efflux from cerebral tissue. The tissues were preincubated in glucose-bicarbonate media containing 42KCI and then transferred to fresh media, where the efflux, with and without condenser pulses, was determined. Initial rates of losS of 42K from the slices were approximately 4-5 % of the potassium content/min. (Krebs, Eggleston & Terner, 1951) and these were increased to 6-8 % by the applied pulses. The results imply an additional potassium efflux of about 250 ppmoles of K+/g. of tissue/ applied pulse. In the absence of substrate or with glutamate, similar results were obtained, indicating that the initial loss of potassium was not substratedependent. It will also be noted that the timecourse of the change in potassium salts shows it to continue after the major changes in the level of phosphocreatine and respiration, for after application of pulses for 10-60 sec. they have reached new, stable levels (Mcflwain, 1959 Slices of guinea-pig cerebral cortex kept in buffered glucose media at 00 lose their normal respiratory response to applied electrical pulses. Basic proteins such as histones from calf-thymus nuclei, protamines, and extracts from cerebral cortex nuclei containing basic proteins also inhibit the isolated tissue's response to electrical stimulation (Marks & McIlwain, 1959; McIlwain, 1959) . The aim of the present study was to investigate the possibility that the loss of response in cerebral slices kept in cold media was due to a reaction of the histones of the tissue with acidic sites or carriers that are essential to the metabolic response to electrical pulses.
Nuclei were isolated from unsliced and sliced guinea-pig cerebral cortex by homogenizing in 0 32M-sucrose with 3 mM-CaCl2 in an Emanuel-Chaikoff hydraulic tissue homogenizer, sedimenting in a centrifugal field of 8000 g-min., and washing the nuclei in 0-14M-NaCl. Histones were extracted from the isolated nuclei with 0-2N-H2S04 followed by fractional precipitation with ethanol at -5' or by extraction with 1-5M-NaCl followed by acid extraction of the deoxyribonucleoprotein gel.
The arginine-rich histones from cerebral cortex nuclei contained 10-11 % arginine and nine components were found on starch-gel electrophoresis. Basic proteins from microsomal fractions contained 4-6 % arginine. Nuclear histones were lost from nuclear fractions made from sliced cerebral cortex which had been kept in cold, buffered phosphateglucose media. Arginine-rich proteins could then be extracted from other subcellular particles of the tissue. No loss of histones occurred in nuclei from slices not subjected to cold media. Cerebral microsomal fractions were found to bind histones extracted from cerebral cortex; they also bind calf-thymus histone. It is suggested that the migration of nuclear histone in slices kept in cold media, and its combination with acidic microsomal constituents is involved in the concomitant loss of the response of the tissue to electrical stimulation. The use of basic proteins to aid in the characterization of the acidic components of the fragmented ergastoplasmic elements in the microsomal fraction was discussed.
By W. H. PRUSOFF (introduced by H. BLASCHKO).
(Department of Pharmacology, University of Oxford) Some of the sites of storage for the pharmacologically-active amines are known to be rich in adenosine triphosphate (ATP); it is believed that the ATP is involved in the retention of these amines.
It has been shown that in the mucous membrane of the dog's small intestine much of the 5-hydroxytryptamine (5-HT) is present in a particulate fraction which can be sedimented by centrifugation of a cell-free homogenate in iso-osmotic (0 3M) sucrose. This fraction has been further purified by centrifugation over a sucrose density gradient (Baker, 1958 (Baker, , 1959 .
The fraction rich in 5-HT has now been found to contain a high concentration of ATP, as determined by the firefly luminescence method; in four experiments the molar ratio, 5-HT : ATP, was 3 1 ± 0-6. This fraction was subjected to a second centrifugation over a sucrose density gradient. A particulate layer, which came to an equilibrium in approximately 1 8m-sucrose, contained the bulk of the 5-HT and ATP. In two experiments the molar ratio in this layer was found to be 2-4 and 30, respectively.
The experimental evidence shows that 5-HT and ATP are associated with a granular fraction and that the relative composition of these granules is retained upon repeated passage through a density gradient. It is of interest that the ratio, amine: ATP, is similar to that found in the chromaffin granules of the adrenal medulla. (1957) and Brody (1958) found the activities ofdeoxyribonucleases to be augmented in liver and in bone-marrow regeneration. In phage infection a rise in deoxyribonuclease activities in the host is one of the responses to injection of phage deoxyribonucleic acid (DNA) (Kunkee & Pardee, 1956) . Thus it appears that a rise in deoxyribonuclease activity is closely related to propagation of DNA. If this were true then addition of deoxyribonucleases should cause a rise in mitotic rate of a given cell population. The concentration of deoxyribonucleases to be added should be such that, after the penetration barriers have been overcome, the intracellular activities will be in the same range as in regenerating tissue cells. With commercial deoxyribonuclease i (Worthington Biochemical Corporation) the optimum concentration has been found to be about 10-6 g./ml. Copulae of sea urchins, of turbellaria and of frogs, micro-organisms such as yeast, Micrococcus, Euglena graciUl and Glaucoma piriformi8, and human tissue culture cells show an increased rate of cellular division when exposed to a concentration of deoxyribonuclease i of 10-8 to 10-5 g./ml. (Zabn, Muller, Miller & Zabn, 1959; Zahn, Rajewsky, Kiefer, Eitel & Zahn, 1959; Zahn & Kleinschmidt, 1959; . The question of whether these biological effects are confined to this pancreas deoxyribonuclease has been tested with other deoxyribonucleases such as a deoxyribonuclease i of Streptococcu8 (Streptodornase) (Laskowski, 1959; Potter & Laskowski, 1959; De Garilhe & Laskowski, 1955) , and deoxyribonuclease ii of Mierococcus8 pyogenes var. aurewu (Catlin) (Cunningham, Catlin & De Garilhe, 1956; De Garilhe, Cunningham, Laurila & Laskowski, 1957; Cunningham, , 1959 Catlin & Cunningham, 1958) and of pig spleen (Fredericq & 0th, 1958) . These deoxyribonucleases too had the same effect as deoxyribonuclease i but the pig-spleen deoxyribonuclease II proved to be at least ten million times as active as all the others.
The biological actions of these enzymes are not effected by indirect extracellular hydrolytic processes on the DNA of dead cells, since addition of DNA either of a foreign or of the same species will prevent the biological effects of the enzymes completely, whereas addition of deoxyribonucleotides does not affect their activity at all. It is therefore assumed that the deoxyribonucleases, or essential parts thereof, are able to penetrate into the cells.
The fact that addition of surface-active agents greatly enhances the effects of deoxyribonuclease points in this direction. In the cell, the site of deoxyribonuclease action must be closely related to the mitotic mechanisms, since the mitogenic hormone oestradiol-17 strongly enhances the effect ofdeoxyribonuclease. This is a highly specific action since oestradiol-17a does not provoke this response.
In the light ofthis experimental evidence deoxyribonucleases seemto exhibit all the features of agrowth substance.
(52) Reduction in Oxidative Activities of Some Bacteria during Inhibition of Growth by Streptomycin. By R. HANcocK. (Department of Bacteriology, University of Manchester) During the period in which the growth of exponential-phase cultures of Staphylococcus aureus (strain Duncan) becomes inhibited by streptomycin, changes occur in the distribution of 14C from [14C]glucose, accompanied by a progressive decrease in the rate ofglucose oxidation by harvested organisms (Hancock, 1960) . Such organisms also show reduced rates of oxidation (6-55 % of control values) for oxidation of lactate, formate and glycerol. This appears to be a specific effect of streptomycin and not a consequence of cessation of growth. Cells of another strain of S. aureus show reduced rates of succinate and glucose oxidation after growth in the presence of streptomycin (Jackson, 1958) .
Similar changes have now been found in cultures of Escherichia coli (strain B) and Bacillus megaterium (strain KM) during inhibition of growth by streptomycin. As with S. aureus (Hancock, 1960) , streptomycin is not bactericidal to these organisms in the absence of growth. In cultures of E. coli, the rates of oxidation of glucose, lactate, succinate and pyruvate by organisms growing in CG medium (McQuillen & Roberts, 1954) in the presence of streptomycin are progressively reduced, and, when growth is completely inhibited, reach 20-40 % of those of normal organisms. At this time, hot-water extracts of normal and streptomycin-inhibited organisms contain similar quantities of amino acids and substances absorbing light at 260 mu. No differences have been observed in the stability, or the internal osmotic pressure (determined by the method of Mitchell & Moyle, 1957) , of 'protoplasts', 70P PROCEEDINGS OF THE BIOCHEMICAL SOCIETY prepared according to Mahler & Fraser (1956) , from streptomycin-inhibited and normal organisms. It therefore seems unlikely that the reduced oxidative activities are caused by breakdown of the permeability barrier, which has been suggested (Anand & Davis, 1960) as an early effect of streptomycin on E. coli strain W.
Organis harvested from cultures of B. meaterium during inhibition of growth by streptomycin show rates of oxidation of all substances tested which are also progressively reduced, and finally reach 8-40 % of those of normal organisms.
Streptomycin-inhibited organisms give stable protoplasts with an internal osmotic pressure slightly (about 10%) higher than normal protoplasts. It appears that in this organism also, the protoplast membrane is intact when growth inhibition is complete, although oxidation reactions are impaired. 
gow)
We have shown previously that during diauxic growth of P8eudomona. aerunosa in mineral salt media containing glucose and an organic acid, preferential utilization of the acid occurs (Hamilton & Dawes, 1959) ; this is in contrast to previously recorded cases with Aerobacter aero-gene8.
Although the tricarboxylic acid cycle is constitutive in P. aerugrno8a, it has been shown that entry of various exogenous intermediates of the cycle into glucose-grown cells is mediated by inducible permeaes (Clarke & Meadow, 1959) . Consequently three possible explanations of the diauxic effect suggest themselves, namely (1) the enzymes of glucose metabolism are constitutive but entry of glucose is effected by a permease system, the forma-tionand/or operation ofwhichis inhibitedby organic acids; (2) some or all of the glucose-metabolizing enzymes are inducible and their formation and/or functioning are inhibited by the simultaneous presence of an organic acid, but the permease is constitutive, and (3) both the permease and system of glucose enzymes are inducible. P. aerugnosa possesses enzymes for the direct oxidation of glucose to gluconic and 2-oxogluconic acids (Stokes & Campbell, 1951; Claridge & Werkman, 1953) , and since isotopic studies suggest the operation of the Entner-Doudoroff (1952) pathway and also the preferential elimination of C-1 of glucose (Wang, Stern & Gilmour, 1959) , we have assayed some of the enzymes characteristic of these pathways of metabolism in extracts of glucosegrown cells. Enzymes found present included glucose and gluconic dehydrogenases, hexokinase, gluconokinase, 2-oxogluconokinase, glucose 6-phosphate and 6-phosphogluconate dehydrogenases, and the combined action of the dehydrase and aldolase of the Entner-Doudoroff route was demonstrated. Cells grown on organic acids, however, contained extremely low basal levels ofthese enzymes, incubation with glucose producing a very marked increase in enzyme activity. Studies using chloramphenicol with whole cells indicated that this adaptation involved net synthesis rather than activation ofpreexisting enzymes. Activity ofacid phosphatases was negligible and uninfluenced by growth substrate.
Methyl a-glucoside is a non-metabolized inducer of glucose oxidation but no evidence was obtained for a mechanism for its concentration within the cell. Other results, however, suggest the existence of a permease for glucose.
These results were discussed in terms of current theories of enzyme induction and repression.
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